Venous ulcer is an extremely common aetiology of lower extremity ulceration, which affects approximately 1% population in most of the countries, and the incidence rate increases with age and female gender. Proper assessment and diagnosis of both the patient and ulcer are inevitable in order to differentiate venous ulcers from other lower extremity ulceration and to frame an adequate and individualised management plan. Venous ulcers generally persist for weeks to many years and are typically recurrent in nature. This consensus aims to present an evidence-based management approach for the patients with venous ulcers. Various management options for venous ulcers include compression therapy, minimally invasive procedures like sclerotherapy and ablation techniques, surgical procedures, debridement and medical management with micronised purified flavonoid fraction (MPFF). Compression therapy is the mainstay treatment for venous ulcer. However, in failure cases, surgery can be preferred. Medical management with MPFF as an adjuvant therapy to standard treatment has been reported to be effective and safe in patients with venous ulcer. In addition to standard therapy, diet and lifestyle modification including progressive resistance exercise, patient education, leg elevation, weight reduction, maintaining a healthy cardiac status and strong psychosocial support reduces the risk of recurrence and improves the quality of life in patients with venous ulcer.
Introduction
Venous ulcers of the lower limbs, identified as stasis ulcers, or stasis dermatitis, or venous leg ulcer or varicose ulcers, are the most severe and devastating form of chronic venous insufficiency/disease (CVD) and accounts ≈ 80% of lower extremity ulcerations [1] . The prevalence of venous leg ulcers is stable between different countries and estimated to be 1% in most populations. Their incidence increases with age and female sex [2] [3] [4] . A large Indian study revealed that CVD is more prevalent at an average age of 43 years and it affects women more than men [5, 6] .
Elevated venous pressure, turbulent flow and insufficient venous return due to venous occlusion or venous reflux are the proposed aetiologies, which activate inflammatory processes, triggering leukocyte activation, endothelial damage, platelet aggregation and intracellular oedema ( Fig. 1 ) [1] . Older age, obesity, previous leg injuries, deep venous thrombosis and phlebitis are the various risk factors aggravating this complication (Fig. 2) [1] . Venous ulcers are Electronic supplementary material The online version of this article (https://doi.org/10.1007/s12262-018-1726-3) contains supplementary material, which is available to authorized users. often recurrent and may continue from few weeks to few years and in some cases may lead to severe complications like malignancy. Though it has lower prevalence, the refractory nature of this disease has an expanded risk of morbidity, mortality and a significant impact on quality of life posing a great economic burden in India [7, 8] .
Proper assessment of the extent of venous ulcers in India presents a significant challenge due to the absence of a central trauma/wound registry and quality research. Moreover, poor infrastructure, superstitions and beliefs of the rural population constrain proper management [9] . Several indigenous and traditional home remedies including honey, neem oil, Aloe vera and potato peels are regularly used by the Indian patients despite the lack of evidence advocating their use [10] . This consensus aims to present an evidence-based management approach for the patients with venous ulcers.
Methodology
This practice guideline for the management of venous ulcer, framed by The Association of Colon & Rectal Surgeons of India (ACRSI), has been developed by experts from across the country with immense experience in managing patients with venous ulcer. The practice points presented in this document have been graded according to the European Society of Cardiology (ESC) grading system [11] .
Assessment and Diagnosis
Effective management of venous ulcers depends on proper assessment and diagnosis, which includes examination of both ulcer and patient. Other lower limb ulcerations such as arterial insufficiency, prolonged pressure, diabetic neuropathy and Fig. 1 Diagrammatic representation of pathophysiology of venous ulcers Fig. 2 Causes, risk factors, and signs and symptoms of venous ulcer systemic illness-rheumatoid arthritis, vasculitis, osteomyelitis and skin malignancy-also have a similar presentation and therefore require appropriate diagnosis [7] . A complete family history of the patients together with clinical presentation and physical examination should be taken in order to differentiate the venous ulcers from other lower extremity ulcers [1] . Venous ulcers can be diagnosed clinically on the basis of anatomic location, morphology and a series of characteristic skin changes. However, examinations like ankle-brachial index, colour duplex ultrasonography, plethysmography and venography may be helpful in doubtful cases [1, 12] . Supplementary Table 1 represents the differential diagnosis and Fig. 2 shows signs and symptoms of venous ulcer.
The CVD includes a detail continuum of venous conditions of lower limbs from early symptoms like telangiectasia or reticular veins, leg pain or oedema to complications like venous leg ulcers. Therefore, a common terminology on venous anatomy, the Clinical, Etiological, Anatomical, and Pathophysiological (CEAP) classification (Fig. 3) , was proposed by the ad hoc committee of the American Venous Forum in 1994, revised in 2004, and has been subsequently accepted worldwide including India [13] . As per this classification, stages C5-C6 are categorised as venous ulcers. Figure 4 represents the flow chart for assessment and diagnosis of venous ulcer.
Management
The objective of venous ulcer management includes oedema reduction, improvement in ulcer healing and prevention of recurrence. The management (both prevention and treatment) options (detailed in Fig. 5 ) and short walking distance (< 200 m/day) were associated with slow wound healing [19] . Moreover, zinc supplement in patients with low zinc level improves the process of wound healing [20] . Deficiency of vitamin C and D was found high in patients with venous ulcer; therefore, diets rich in these vitamins may be supplemented to improve wound healing [21, 22] .
Impaired calf muscle pump function significantly intensifies the risk of chronic venous insufficiency and aggravates the risk of venous ulcers [20] . Even though the mechanism is not clear, physical and isotonic exercise may enhance the ejecting ability of calf muscle pump, sequentially result in improved hemodynamic parameters and promote ulcer healing [16, 23, 24] . A 12-week randomised clinical trial (RCT) demonstrated significantly greater (32%) decrease in ulcer size (P = 0.34) and improvement in calf muscle pump function parameters [ejection fraction (P = 0.05), residual volume fraction (P = 0.04)] and range of ankle motion (P = 0.01) with home-based progressive resistance exercise programme [25] .
Leg elevation has been used for a long time and is still a recommended option. Elevation of the affected leg during sitting enhances venous return and avoids oedema and pain in leg [16] . Leg should be raised above the heart level, with the aim of improving microcirculation and oxygen delivery and hastening ulcer healing [1] . Leg elevation for 1 h/day was significantly associated with prevention of venous ulcer recurrence and 45% increase of the laser Doppler flux (i.e., flow within veins) [26, 27] . In accordance with this evidence, several guidelines recommend leg elevation in the management of venous ulcers [1, 6, 11, 28] . 
Medical Management
Medical management of venous ulcer includes systemic and topical therapy.
Systemic Therapy
Systemic therapy can be used as an adjuvant to compression therapy or surgery. [29] . It is a valuable alternative in patients with failure of compression therapy and who opt out for surgery.
Venoactive Drugs/Phlebotonics
Phlebotonics are a heterogeneous class of drugs that strengthen blood vessel walls, increase venous tone and lymphatic drainage and normalise capillary permeability.
Supplementary Table 3 shows mode of action of these drugs. Micronised purified flavonoid fraction (MPFF) is the most commonly used venoactive drug [29] . It influences microcirculation through an inhibitory action on inflammatory process and reduction of venous wall permeability. MPFF modulates leukocyte adhesion, increases venous tone and protects cells from hypoxia [30, 31] . A Cochrane review examined the ulcer healing in adults receiving MPFF 1000 mg/day in addition to standard treatment. The study showed a statistically significant effect in favour of MPFF (RR, 1.36; 95% CI, 1.07 to 1.74) [30] . Similarly, a meta-analysis revealed that patients treated with adjunctive MPFF had 32% better chance of healing ulcers (relative risk reduction (RRR), 32%; CI, 3-70%) in 6 months [31] . MPFF displayed shorter time to healing (16 versus 21 weeks; P = 0.0034) with the benefit seen especially in patients with 5-to 10-cm 2 ulcer area (RRR, 40%; CI, 6-87%) and 6-12 months of ulcer duration (RRR, 44%; CI, 6-97%). Moreover, MPFF shows beneficial outcomes without serious adverse events [32] . Subsequently, the working group for CVD agreed with previous guidance by the International European Society for Vascular Surgery (ESVS)-2015 recommending the use of MPFF for healing of venous ulcers, alone and adjunctive to compression therapy, and for the reduction in symptoms of CVD such as oedema [32] . Supplementary Table 4 describes key points of MPFF evidence. [1-3, 6, 11, 14] Non-micronised diosmins or synthetic diosmins have relatively larger particle size leading to low absorption and bioavailability. Therefore, they show relatively reduced pharmacological activity as demonstrated in several RCTs [33] [34] [35] .
Horse chestnut seed extract (oxerutin) [36] did not show efficacy, while rutin and hydroxyethylrutosides have limited high-quality evidence for their use [37, 38] . Calcium dobesilate given for 3 months did not show effect on QoL of CVD patients in an RCT [39] . In addition to its poor clinical efficacy, the risk of calcium dobesilate-induced agranulocytosis should also be considered [40, 41] .
Pentoxifylline Pentoxifylline increases microcirculatory blood flow, improves peripheral tissue oxygenation, reduces blood viscosity and decreases the potential for platelet aggregation and thrombus formation [29] . Although several RCTs reported no improvement in healing time by pentoxifylline compared to placebo [42, 43] , a recent Cochrane review demonstrated improved ulcer healing rates when used as an adjuvant to compression (RR, 1.56; 95%, CI 1.14 to 2.13) or when used as solo therapy (RR, 2.25; 95% CI, 1.49 to 3.39) [44] . Several guidelines recommend pentoxifylline for the treatment of long-standing or large venous leg ulcers in absence of any contraindications [2, 12] .
Aspirin The role of aspirin in the management of venous ulcer remains unclear. Aspirin provides pain relief (analgesic), reduces inflammation and stops blood cells from aggregation, which subsequently prevents formation of blood clots. Aspirin may improve the healing time and reduce the number of recurrent ulcer episodes. Though several RCTs reported that aspirin reduces the healing time and ulcer surface area compared to placebo [45, 46] , a recent Cochrane systematic review did not reach a definitive conclusion about the benefits and harms of the healing and recurrence of venous ulcers [47] . In this line, the ongoing Low Dose Aspirin for Venous Leg Ulcers (Aspirin4VLU) trial and Aspirin for Venous Ulcers: Randomised Trial (AVURT) may address the efficacy and safety of aspirin in these patients [48, 49] .
Statins Statins, due to their wound healing property, can be used as adjuvant therapy. Current research advocates that statins have a positive immune-modulatory role, improve microvascular function and reduce oxidative stress, thereby promote wound healing [50] . A recent RCT reported that daily adjunct simvastatin (40 mg) produced a significant improvement in healing rate and time (P < 0.001) and also improved patient quality of life (P < 0.001) compared to placebo [51] .
Oral Antibiotics Systemic antibiotics have no routine role in promoting healing of venous ulcers when there is no sign of infection as reported by a Cochrane review [52] .
Anti-MMPs/Doxycycline
Several metalloproteinases (MMPs) such as MMP-1, MMP-8 and MMP-9 seem to be involved in the onset and healing phases of venous ulcer [53] . A randomised study reported that sub-antimicrobial doses of doxycycline quicken the healing of chronic venous leg ulcer through the inhibition of MMP-9, neutrophil gelatinase-associated lipocalin and vascular endothelial growth factor activation [49] . However, a Cochrane review concluded that there is no randomised evidence on the impact of a Btest and treat policy^for protease levels on outcomes [50] .
Topical Therapy
Various topical antibiotics and antiseptics, iodine preparations, silver sulfadiazine and mupirocin are used in the healing of venous ulcers. However, evidence and guidelines recommend that topical agents can be used only if there is a sign of local infection [2, 15, 17] . A Cochrane review supported the use of povidone-iodine but did not advocate the routine use of honey or silver-based products in the healing of venous ulcers [52] . 
Dressing
Dressing with or without any active material accelerates the process of wound healing by regulating wound moisture and enhancing hydration of the affected site [57] . Moreover, they promote autolytic debridement, regulate exudate, control wound infection, ease the pain and are economical [14] . Sometimes dressing is placed before compression bandages or hosiery in order to avoid the bandages sticking to the wound [58] . In the recent times, interactive and active dressings are used widely rather than passive dressings. Various types of dressings like films, hydrocolloids, hydrogels, alginates and foams are used in the healing of the venous ulcers (Fig. 5) . Vacuum-Assisted Closure (VAC) system increases blood flow, accelerates the granulation tissue formation and reduces oedema by applying a regulated continuous or intermittent pressure [59] . Evidence reported that VAC therapy as an adjuvant in the management of venous ulcers is effective [59] [60] [61] . A systematic review and meta-analysis reported that silver-impregnated dressings improve the short-term healing of ulcers; however, their long-term effects remain unclear [62] . Honey-impregnated dressings have no significant effect on healing of venous ulcer [63] . A recent Cochrane review shows that differences in efficacy and safety between protease-modulating matrix (PMM) and non-PMM dressing are in conclusive [64] . There was no difference between types of dressing for the management of venous ulcer and they did not show efficacy when used beneath compression [64, 65] .
Compression Therapy
Compression therapy is the cornerstone of management in patients with venous ulcers [1, 66, 67] . Compression is established with a simple concept that employs an external pressure to the limb, which in turn improves venous haemodynamic [14] . Compression therapies are broadly categorised into bandages, stockings (hosieries) and intermittent pneumatic compression (IPC) (Fig. 5) . Further, bandages may be either elastic and inelastic or single or multi-layered [68] .
Compression reduces oedema, recovers venous reflux, improves ulcer healing and lowers pain with a success rate of 30-60% at 6 months and 70-85% after 1 year. However, factors like pain, drainage and difficulty in application limit its applicability [1] . Supplementary Table 5 shows a summary of studies evaluating compression techniques [69] [70] [71] [72] [73] [74] [75] [76] . A Cochrane review revealed that compression increases ulcer healing rates; multicomponent and elastic bandage systems are more effective than single-component and inelastic bandage systems, respectively [77] . Both four layer bandages (4LB) and two-layer bandages (2LB) are found to be equally effective in the management of venous ulcers; however, 2LB system may be easier to apply than 4LB system [71] . Moreover, IPC may be used in absence or unsuitability of other compression options [67] . 
Operative or Endovenous Treatments
The primary goal of operative or endovenous treatment is to accelerate the healing process and prevent recurrence [14] . Operative procedure for venous ulcer has shown 88% ulcer healing rate with only 13% recurrence rate over 10 months; however, there is no evidence for the superiority of surgical procedure over medical management [1] .
Minimally Invasive Procedures
Foam sclerotherapy, endoablation like laser or radiofrequency ablation, subfascial endoscopic perforator surgery (SEPS) and venous stenting are some of the minimally invasive procedures used for the management of venous ulcers (Fig. 5) .
Evidence reported that ablation of incompetent superficial and perforator veins in 110 venous ulcer patients (140 procedures; 74 superficial and 66 perforators) after the failure of conventional compression therapy was associated with a significant and measurable reduction in ulcer size and ultimate healing [79] . Furthermore, endovenous ablation of incompetent superficial and perforating veins with compression reduces ulcer recurrence compared with compression alone in [59] [60] [61] 64] patients with healed venous ulcers [80] . Foam sclerotherapy in addition to compression attributed 96% of healing within 3 months and only two healed ulcers (7%) had recurrence at 12 months [81] . Moreover, minimally invasive ablation of superficial axial and perforator vein reflux in combination with compression therapy is safe and promotes quicker healing in patients with active chronic venous ulcer [82] . Nonetheless, a Cochrane review identifies a need of wellcontrolled RCTs and prospective studies to effectively use minimally invasive ablation procedures in the management of venous ulcers [83] .
Surgical Procedures
Surgical debridement, shave therapy, venous striping and phlebotomy are the various surgical procedures used for the management of venous ulcers (Fig. 5) . Surgical debridement [79, 80, 82, 83] options available today include autolytic, chemical, mechanical, surgical and biological modalities [17] . A recent RCT revealed a significantly higher ulcer free incidence (58.9 vs. 39.6%, P = 0.007) and low recurrence rate (48.9 vs. 94.3%) with surgical treatment (combined superficial and perforating vein surgery) compared to conservative therapy (ambulatory compression therapy) [86] . Superficial venous surgery and conservative compression treatment showed similar ulcer healing rates; however, ulcer recurrence was lower with surgery in a systematic review [87] . Linking to the same outcome, the ESCHAR trial reported that, after 24 weeks, ulcer recurrence rate was halved in patients who underwent surgery regardless of the presence of deep vein incompetence [88] . Meanwhile, each underlying pathology associated with venous ulcer has several surgical treatment options with no clear evidence about which is the safest and most effective method. Figure 6 represents a proposed patient flow sheet for the management of venous ulcer.
Ulcer Recurrence
After achieving healing, it is important to do its follow-up for reducing the risk of recurrence. A surgical procedure in addition to compression therapy is more effective in preventing the risk of recurrence compared to other treatment options [2, 14] . Figure 6 illustrates the management options for different pathological conditions to prevent recurrence. In addition, compression therapy should be used continuously to reduce the recurrence risk [12, 89] . Moreover, diet and lifestyle modification including progressive resistance exercise, patient education, leg elevation, weight reduction, maintaining a healthy cardiac status and strong psychosocial supports are likely to benefit for preventing the risk of recurrence [12, 16, 18] .
Conclusion
The management of venous ulcers poses a significant therapeutic challenge. A comprehensive evaluation of the patient and ulcer is required to determine aetiology and to frame an appropriate management plan. Though several treatment options are available for venous ulcers, there is an inconsistent evidence to support their use. Medical management with MPFF should be used along with standard treatments in order to obtain numerous beneficial outcomes. Compression therapy is the mainstay of the treatment approach for venous ulcers; however, surgical options can be considered in the failure of compression therapy. Endovenous/operative and compression therapies have similar rates of ulcer healing; however, surgical treatment provides less risk of recurrence. The management of venous ulcer must be multidisciplinary and should include detailed history, physical examination and diagnosis and basic and newer treatment modalities with proper patient education regarding diet and lifestyle modification.
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